Background: Tourette syndrome (TS) is a childhoodonset neuropsychiatric disorder that is characterized by both motor and phonic tics. One half to two thirds of children with TS experience a reduction or complete resolution of tic symptoms during adolescence. At least one third of adults with TS have comorbid obsessivecompulsive disorder (OCD).
T OURETTE SYNDROME (TS) IS a childhood-onset neuropsychiatric disorder that is characterized by both motor and phonic tics. In TS, tics typically begin at age 5 or 6 years and reach their peak severity between 10 and 12 years of age. [1] [2] [3] One half to two thirds of children with TS experience a substantial decrease or complete remission of tics by the end of adolescence. 2, 3 However, the continuation of tics into adulthood can have serious consequences that may include self-injurious tics and those that cause social unease, such as coprolalia. 1 Currently, no clinical measures are known to predict reliably which children will continue to express tics in adulthood.
Motor and vocal tics, the most prominent feature and diagnostic sine qua non of TS, are often neither the first nor the most impairing symptoms that patients with TS endure. In clinical populations, TS frequently co-occurs with obsessivecompulsive disorder (OCD), attentiondeficit/hyperactivity disorder (ADHD), and other behavioral, emotional, and learning disorders. In 1 study, 65% of patients with TS in late adolescence regarded their behavioral problems (including ADHD and OCD) and learning difficulties to have had an equal or greater impact on functioning than did the tics themselves. 1 We conducted this study to clarify the clinical course of tic symptoms and to extend our knowledge of the course of OCD symptoms in patients with TS. We also wanted to assess prospectively whether baseline clinical measurements in children with TS were associated with adult outcome with regard to severity of tic and OCD symp-
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toms. Our a priori hypotheses were that (1) increased severity of tic symptoms and (2) a diagnosis of ADHD in children with TS would be associated with increased tic severity at follow-up and that (3) increased severity of OCD symptoms and (4) a higher IQ in childhood would be associated with increased OCD symptom severity at follow-up.
METHODS

SUBJECTS
The 46 subjects included in this study were previously evaluated at the Yale Child Study Center Tic Disorder Clinic (New Haven, Conn) and had previously participated in magnetic resonance imaging studies in childhood. [4] [5] [6] Eligible subjects (1) had a previous diagnosis of TS, (2) underwent magnetic resonance imaging and a detailed evaluation prior to 14 years of age (time 1), and (3) were older than 16 years at follow-up (time 2). Exclusionary criteria in these earlier studies included a history of seizure, head trauma with loss of consciousness, ongoing or past substance abuse, or an IQ lower than 80. Parental written informed consent and subject assent were obtained at both time 1 and time 2. Compensation was provided for participation at both points under the guidelines of the Human Investigations Committee at Yale University, New Haven.
From an eligible sample of 64 subjects evaluated at time 1, 46 subjects elected to participate. Reasons for nonparticipation included subject refusal to participate in follow-up interview (n=14) or inability to locate subjects (n=4). Demographic measurements did not differ statistically significantly between participating and nonparticipating subjects as assessed during initial evaluation at time 1 (Table) . However, there was a noticeably higher proportion of cases with comorbid OCD and a lower proportion of cases of ADHD among participating subjects compared with nonparticipating subjects at time 1.
INTERVIEW PROCEDURE AT TIME 1
Assessment at time 1, when subjects were younger than 14 years, included current and worst-ever measures using the Yale Global Tic Severity Scale (YGTSS) and Children's Yale-Brown Obsessive Compulsive Scale (CY-BOCS). 7, 8 IQ testing was performed using the Kaufman Brief Intelligence Test. 9, 10 The Schedule for Tourette and Other Behavioral Syndromes, which includes the Kiddie-Schedule for Affective Disorders and Schizophrenia Epidemiologic Present and Lifetime Version for diagnosis in children and more detailed sections on TS and OCD, was used to screen for comorbid psychiatric illnesses. [11] [12] [13] Neuropsychiatric diagnoses were established using a best-estimate consensus procedure involving 2 child psychiatrists (B.S.P. and J.F.L.), who reviewed all available clinical and research data.
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INTERVIEW PROCEDURE AT TIME 2
Assessments included current and worst-ever YGTSS and CY-BOCS ratings. Screening for any comorbid psychiatric conditions was conducted with the Structured Clinical Interview for DSM-IV Axis I Disorders. 15 Additional assessments included a thorough medication history, specific inquiry about ADHD symptoms, and ages at worst-ever tic and OCD symptoms. Overall psychosocial functioning was rated using the Global Assessment Scale after the follow-up interview. 16 Eight clinical evaluations relied solely on information provided by a parent who lived in the same home as the research subject.
DATA ANALYSIS
All statistical procedures were performed using SPSS version 12.0. 17 Histograms were generated to examine the distribution of YGTSS and CY-BOCS scores at time 2. Because of the large number of subjects with no current tic or OCD symptoms at time 2 (YGTSS and CY-BOCS scores=0), YGTSS and CY-BOCS scores were not normally distributed. To avoid the nonnormality problem for these outcome scales, we transformed them into ordinal groupings prior to hypothesis analysis to maintain gradations in symptom severity while also maintaining ordinal groupings of roughly equal subject number. The ordinal groupings for YGTSS score (range, 0-50) at follow-up used in these analyses were 0 (n=15), 1 through 9 (n=11), 10 through 19 (n=10), and 20 or higher (n = 10). These groupings roughly correspond to absence of tics (YGTSS score, 0), minimal tic symptoms (YGTSS score, 1-9), mild tic symptoms (YGTSS score, 11-19), and moderate to severe tic symptoms (YGTSS score, Ն20). For CY-BOCS score at follow-up (range, 0-40), groupings for ordinal logistic regression were 0 (n=24), 1 through 9 (n=10), and greater than or equal to 10 (n = 9). These groupings roughly correspond to absence of OCD symptoms (CY-BOCS score, 0), subclinical OCD symptoms (CY-BOCS score, 1-9), and OCD symptoms of clinical significance (CY-BOCS score, Ն10).
The ordinal logistic regression module of SPSS 12.0 with a logit link was used for statistical analyses. This statistical package relies on the proportional odds model for ordinal logistic regression. Ordinal groupings for YGTSS and CY-BOCS ratings were used as the dependent variable in the analyses. For a priori hypothesis testing, YGTSS, CY-BOCS, and IQ scores or ADHD diagnosis at time 1 were entered as the independent variables. Each of these independent variables was then entered into individual ordinal logistic regression models. Additionally, for each ordinal logistic regression model, age at time 1 and interval between time 1 and time 2 were entered as additional covariates. Using a Bonferroni correction, the threshold for statistical significance was set at PϽ.01 to account for our 4 a priori hypotheses. All P values were 2 tailed.
RESULTS
The 46 subjects were first interviewed at a mean ± SD age of 11.4 ± 1.6 years (range, 7.5-13.9 years). Demographic characteristics of subjects at time 1 are repre- Abbreviations: ADHD, attention-deficit/hyperactivity disorder; CY-BOCS, Children's Yale-Brown Obsessive Compulsive Scale; OCD, obsessive-compulsive disorder; YGTSS, Yale Global Tic Severity Scale.
*There were no significant differences (PϽ.05) between any of the variables examined between participating and nonparticipating subjects using 2 or t tests.
sented in the Table. At time 2, the patients with TS were at a mean ± SD age of 19.0 ± 1.8 years (range, 16.0-22.8 years). The mean ± SD duration between the initial and follow-up interviews was 7.6 ± 1.9 years (range, 3.8-12.8 years).
CURRENT TIC STATUS
At time 2, when the patients with TS were 16 to 23 years of age, tic symptoms for the majority of patients were minimal or absent. On average, the mean ± SD total tic score of the YGTSS at time 2 was 10.0 ± 10.3 (median, 7.5; actual range, 0-39, with a possible range of 0-50). Fifteen patients (33%) reported being entirely tic free during the week before the follow-up interview, and only 10 patients (22%) were judged to have a moderate or marked level of tic severity based on their interview data (YGTSS score, Ն20 but Ͻ40).
At time 1, all 46 subjects had tics of at least moderate severity (YGTSS score, Ն20). Figure 1 demonstrates a box plot comparing tic severity between time 1 and time 2 in our study sample.
CURRENT STATUS OF OCD SYMPTOMS
Nineteen subjects with TS reported at some point experiencing at least mild lifetime OCD symptoms (worstever, CY-BOCS score, Ն10). The mean ± SD OCD severity score at follow-up was 10.8 ± 9.2 (median, 13; actual range, 0-34, with a possible range of 0-40) compared with 4.1 ± 4.2 (median, 2; actual range, 0-12) at baseline in childhood ( Figure 1 ).
SEVERITY AND TIMING OF TICS AND OCD SYMPTOMS DURING THE WORST-EVER PERIOD
The mean±SD worst-ever tic severity score was 31.6±7.7 (range, 15-48) at a mean±SD age of 10.6±2.6 years (range, 6-19 years). Contrary to previous reports, the level of worst-ever tic severity was not significantly associated with the patient's age during the worst-ever period (Pearson correlation coefficient, r= 0.008; P = .96). 5 In the 19 subjects who had a lifetime history of OCD symptoms, the mean ± SD age at worst-ever OCD symptoms was 12.5±3.9 (range, 7-22). Figure 2 depicts a box plot comparing age at worst-ever tic and OCD symptoms within our study sample. The mean ± SD worstever OCD severity score reported at follow-up was 23.3±6.6 (range, 13-34).
COMORBID CONDITIONS AND MEDICATION USE AT FOLLOW-UP
At the follow-up interview, 10 subjects had a lifetime history of ADHD symptoms. One subject had a history of ADHD symptoms but was clinically asymptomatic by the time 1 interview. Fifteen subjects (33%) had experienced a lifetime major depressive episode by the time 2 follow-up interview. Ten experienced their first depressive episode in the interval between the initial interview and the follow-up interview. Only 1 subject currently had depression. Two cases (4.3%) of bipolar disorder and 1 case of schizophrenia emerged at the follow-up interview.
At time 2, 6 subjects (13%) were using antipsychotics or ␣ 2 -agonists (guanfacine hydrochloride or clonidine hydrochloride) (medication to treat tics), compared with 23 subjects (50%) at time 1. Five subjects (11%) were taking antipsychotics at follow-up (4 atypical antipsychotics, 1 typical) compared with 10 subjects (22%) at time 1 (9 typical antipsychotics, 1 atypical). Four subjects at both time 1 and time 2 were using selective serotonin reuptake inhibitors (fluvoxetine, sertraline hydrochloride, or clomipramine hydrochloride), although only 1 subject was taking a selective serotonin reuptake inhibitor at both times. Age at Worst-Ever Symptom Severity, y Figure 2 . Box plot representing age when tic and obsessive-compulsive disorder (OCD) symptoms were at their worst. Age is represented for all 46 subjects with Tourette syndrome in this study sample. Age at worst-ever OCD symptoms were reported at follow-up for just those 19 patients with Tourette syndrome with lifetime worst-ever OCD symptom severity scores that were at least in the moderate-severity range (Children's Yale-Brown Obsessive Compulsive Scale score, Ն10).
CHILDHOOD CLINICAL MEASURES ASSOCIATED WITH TIC SEVERITY AT FOLLOW-UP
Consistent with 1 of our a priori hypotheses, increased tic severity at time 1 was associated with increased tic severity at time 2 (odds ratio [OR], 1.11 [95% confidence interval (CI), 1.03-1.20]; P=.004; Nagelerke R 2 =0.19). Therefore, for every 10-point increase in the YGTSS tic severity rating in childhood, subjects were 2.8-fold more likely to have moderate or severe tics in early adulthood. In other words, a child who had marked tics (YGTSS score, Ն20) was 2.8-fold more likely to have marked to severe tics in adulthood compared with a child who had tics of only modest severity (YGTSS score, Ն10 but Ͻ20). Worst-ever tic severity measured at time 1 was not associated with tic severity at time 2 (OR, 1.05 [95% CI, 0.96-1.15]; P=.32). An ADHD diagnosis at time 1 (OR, 0.52 [95% CI, 0.14-1.95]; P=.33) was also not associated with follow-up tic severity.
CHILDHOOD CLINICAL MEASURES ASSOCIATED WITH INCREASED OCD SEVERITY AT FOLLOW-UP
In contrast, OCD symptom severity at time 1 (OR, 1.04 [95% CI, 0.86-1.25]; P=.70) was not associated with future OCD severity. However, higher IQ score measured at time 1 (OR, 1.11 [95% CI, 1.04-1.19]; P=.001; R 2 =0.46) was significantly associated with increased future OCD symptom severity. For every 10-point increase in childhood IQ, subjects were 2.8-fold more likely to express OCD symptoms at follow-up. Thus, the overall risk of developing clinically significant OCD symptoms (Y-BOCS score, Ն10) by early adulthood was 8-fold higher in a child with an IQ of 120 compared with a child with an IQ of 100.
COMMENT
This study is, to our knowledge, the first prospective longitudinal study of patients with TS that assessed both tic and OCD symptoms systematically at both initial evaluation and follow-up in early adulthood. On average, subjects in the cohort experienced their worst-ever tics at 10 to 11 years of age, and most experienced a marked attenuation of tic severity during adolescence. Slightly less than one quarter (22%) continued to experience mild or greater tic symptoms (YGTSS scores, Ն10) at followup, while nearly one third were in complete remission of tic symptoms at follow-up. The only childhood clinical measure significantly associated with increased tic severity at follow-up was increased tic severity at the time of baseline assessment during childhood (Ͻ14 years). This finding stands in contrast to those of previous studies, which did not detect an association of childhood tic severity with the severity of tics later in life. 1 The time when OCD symptoms were at their worst was approximately 2 years later than when tic symptoms were at their worst. The majority of individuals who had OCD symptoms at follow-up reported the onset of their OCD symptoms in late childhood or early adolescence, after the time of their initial evaluation. Increased childhood IQ was strongly associated with the future development of OCD symptoms in children with TS. This result is consistent with previous studies in the general population that have associated increased childhood IQ with the development of OCD in adulthood. 3 This study has several limitations. It reports findings in a clinically referred population of children with TS whose overall illness severity and rates of comorbid illnesses are likely to be greater than in children who have TS in the general population. Furthermore, approximately one quarter of eligible subjects did not participate in the follow-up evaluation. Although participating and nonparticipating subjects did not differ significantly in any demographic or clinical characteristics at the time of initial evaluation, we cannot exclude the possibility that self-selection bias affected our findings at follow-up. In addition, because at baseline we excluded children with an IQ lower than 80, our finding that higher IQ is associated with worse future OCD symptoms in patients with TS cannot be interpreted as indicating that that those with IQs lower than 80 are not at risk of developing OCD.
Despite these limitations, we can draw 4 clinical conclusions from the findings in this study. First, tics typically diminish in severity during adolescence, even for those children who have relatively severe tic symptoms. This is welcome information for parents seeking an evaluation and treatment for TS and consistent with previous reports. 2 Given that tic symptoms are likely to decrease spontaneously during adolescence, support and tolerance from family, teachers, peers, and health care professionals may either reduce or eliminate the need for exposure to medications.
1,2 Second, the severity of tics in late childhood was associated, though only modestly so, with future tic severity in late adolescence and early adulthood. Additional work is needed to identify these highrisk individuals. Genetic studies and performance on focused neuropsychological testing as well as magnetic resonance imaging volumetric measurements may hold promise. The predictive value of perinatal risk factors also needs to be evaluated prospectively. Third, the presence of childhood ADHD symptoms was not associated with the presence or severity of adulthood tic or OCD symptoms. Fourth, OCD symptoms on average reached their peak severity 2 years later than tics. Thus, educating patients and their parents about the possibility of developing clinically significant OCD symptoms at a point later in childhood and adolescence, even if OCD symptoms are not evident at the time of initial evaluation, may be important. This may be especially important for bright children who have tics because IQ in childhood in this sample and other samples has been most predictive of increased severity of OCD symptoms in later adolescence, regardless of OCD symptoms in childhood. 11 Periodic monitoring for OCD symptoms after the initial evaluation by experts in tic disorders and OCD may be warranted, given the importance that OCD symptoms have in contributing to later psychosocial functioning.
